Multiple myeloma (MM) is a malignant plasma cell disorder, 1 affecting approximately 4 in every 100 000 individuals in Europe. 2 The past few decades have seen improved management of MM through multidisciplinary approaches. A European population-based study reported an increase in 5-year survival in patients with MM/ plasmacytoma from 29
A clear understanding of why patients with MM die is still lacking.
Study populations often include a mixture of surviving patients and those who have died; there are few studies that focus on deceased patients. Mortality is usually attributed to combined effects of active MM and comorbid factors, but it is also linked to cytogenetic abnormalities that drive disease aggressiveness. 10 More research is required to improve our understanding of mortality in patients with MM, particularly if it occurs soon after diagnosis. Improved understanding could help to inform clinical decision-making regarding the benefit-risk profiles of therapeutic options and guide monitoring requirements for patients with MM at different stages of the disease and treatment pathway. Improved understanding of clinical events occurring before death related to MM might facilitate interventions to extend survival and improve tailored management at this critical stage.
This study was conducted to describe the characteristics, treatment patterns and outcomes before death associated with patients with MM.
| ME THODS

| Study design
This was a retrospective chart review to describe treatment patterns, outcomes and healthcare resource use in European patients with symptomatic MM. During the second half of 2016, data were collected from the charts of patients in five European countries (EU5: France, Germany, Italy, Spain and the UK). Ethics committee approval was received in Germany and Spain as per national regulations. The remaining countries did not have this requirement because the study was anonymous. The index date was the date on which physicians received study materials. Documentation oc-curredinJuneorJuly2016inFrance,ItalyandtheUK,andbetween September and November 2016 in Germany and Spain.
Herein, we report a longitudinal analysis of a subgroup of patients with MM identified as part of the full study. This subgroup of patients formed the "deceased population": those who had died in the 3 months before the index date. The primary objective of this part of the study was to describe the treatment pathway from symptomatic MM diagnosis to death for this subgroup of patients.
| Eligibility
The recruitment process for participating physicians was designed to ensure that data were representative of clinical practice. Regional quotas and practice settings quotas (hospital types, office-based for Germany) for the physicians were determined. Physicians, including oncologists, haematologists and onco-haematologists, and internists in Germany were solicited to participate in the study. The numbers of physicians and patients per physician included in the study were based on the distributions in the respective countries, reflecting the methodology of a previously conducted chart review. 11, 12 Documenting physicians were required to be personally responsible for initiating anti-MM treatment in patients, and for the management of at least 15 patients with symptomatic MM per month (or 10 for office-based physicians in Germany). They were also required to have at least 3 years of clinical experience.
Patients were eligible for the "deceased patients" subgroup of the study if they had been diagnosed with symptomatic MM and had died, at the age of 18 years or over, in the 3 months prior to the index date. Such patients were included irrespective of other parameters, such as diagnosis date, profile, disease characteristics, treatment stage at death, treatment previously received, or previous participation in a clinical trial or early access programme. Details relating to end of life included time from the end of the last treatment to death, cause of death and the last line of treatment received. Patients were classified according to whether they were receiving active anti-MM treatment, were between treatment lines with further treatment planned, or were receiving supportive care with no further treatment planned. A patient was considered to be at a treatment line, for example first-line (1L), if they were receiving active treatment at that line, receiving supportive care after having received active treatment at that line (with no further treatment planned), or were in a treatment-free interval (TFI) after that treatment line with further treatment planned.
| Analysis variables for the deceased population
Data were analysed according to the treatment line received when patients died. It is important to appreciate that analysis of the data in this study was not intended to establish the relative risk of death at each treatment line, because the distribution of patients across lines was not reflective of the distribution observed in the overall MM population.
| Statistical analyses
The sample size was determined according to the 95% CI for describing treatment lines of patients with symptomatic MM. Based on two patients dying in the past 3 months per physician (three patients in the UK), the total anticipated sample size for the deceased population was 875 patients across the five countries. Aggregated data for the EU5 were weighted according to MM prevalence in each country.
An exploratory multivariate Cox model regression analysis was performed using backward selection with a significance threshold of P < 0.05 to explore factors associated with overall survival from diagnosis and from the initiation of 1L therapy. Models were developed to include baseline characteristics, and baseline characteristics and outcomes at 1L treatment. The following variables at 
| RE SULTS
| Physician and patient characteristics
Across the countries, 391 physicians from 391 centres participated (France, 82; Germany, 91; Italy, 85; Spain, 75; UK, 58). Almost all physicians (99.5%) were oncologists or haematologists. The charts of 786 deceased patients were reviewed (France, 139; Germany, 171;
Italy, 171; Spain, 138; UK, 167). The clinical and demographic characteristics of these patients at diagnosis are summarised in Table 1 (note that the distribution of patients across treatment lines does not reflect the overall population with MM).
| Treatment status at time of death
At the time of death (ie study inclusion), 37% of patients were receiving active anti-MM treatment (6% in remission, 31% not in remission). Another 12% were in a TFI, with further treatment planned (4% in remission, 9% not in remission). The remaining 51% were receiving only supportive care (ie no active anti-MM treatment; 3% in remission, 48% not in remission).
Of the 786 included patients, who died in the 3 months prior to the index date, approximately one-quarter (24%) were at 1L at the time of death ( Figure S1 ). Similar proportions of patients were at second or third line (2L, 3L), with fewer at fourth or fifth line (4L, 5L). For those who died during a TFI, the earlier the treatment line, the more likely it was that further treatment was planned (Table 2) .
At diagnosis, there were some notable differences in the characteristics of patients who subsequently died at early (ie 1L or 2L) versus later treatment lines (ie 4L or 5L) ( Table 1) . For example, those reaching later lines were typically younger ( Figure 1 ) and at a lower ISS stage at diagnosis ( Table 1 ). Patients reaching later lines also had a lower Eastern Cooperative Oncology Group score and carried a lower morbidity burden ( Table 1 ).
| Survival
The 
| Cause of death
For two-thirds (67%) of patients, death was primarily attributed to disease progression (which was defined as symptomatic relapse, increases in M-protein or free light chain levels) ( Figure 3A ). Among those whose death was attributed to disease progression, 44% also had other causes listed. These were primarily renal failure (59%) and infection (28%).
Across treatment lines, deaths were often not solely due to disease progression ( Figure 3B ). Factors such as renal failure and infection also played a role (in 30% and 20% of patients at 1L, respectively). The later the treatment line at which a patient died, the greater the likelihood that disease progression was the primary cause of death ( Figure 3B ). The proportion of patients whose death was attributed to disease progression increased from 40% of those who died before 1L, to 50% at 1L, 72% at 3L and 84% at 5L. This pattern for the contribution of disease progression to death was seen regardless of patient age group at death (data not shown).
Renal failure and infection were the next most common causes of death across all treatment lines ( Figure 3B ). This was true across all age groups; however, for patients in the age groups 65 years and under or 65-75 years at death, infection and renal failure became less likely to be the primary cause of death as therapy line increased, whereas the opposite trend was seen for patients aged over 75 years (data not shown).
The proportion of patients with at least one other cause of death in addition to disease progression also tended to decrease with increasing treatment line: 73%, 53%, 48%, 42%, 30% and 39%, respectively. The proportion of patients whose death was linked to disease progression was higher in those receiving supportive care (78%) than those on active treatment or in a TFI with further treatment planned (57% and 52%, respectively).
For the group of patients who died while in remission (12%), deaths were still related to factors that may be associated with MM or its treatment, including disease progression (10%), renal failure (15%) or infection (22%) ( Figure 3C ).
| Factors associated with death in MM
An exploratory Cox model regression analysis was conducted using data from 338 patients after excluding the following patients: patients with missing or unknown values for one or more variables;
patients who had not initiated at least one treatment line; or patients who had not progressed after 1L (Figure 4 ). This analysis found that overall survival from diagnosis was significantly increased in patients with low cytogenetic risk (vs high risk), ISS stage I or II at diagnosis (vs stageIII)andaTTPofover15monthsat1L(vs≤15months).Incontrast, overall survival was significantly reduced for patients whose best response was partial or worse at 1L (vs VGPR or better) and
for patients with symptomatic relapse at 1L (vs non-symptomatic relapse). Similar results were obtained regarding patient survival from the initiation of 1L therapy, and when assessing baseline variables only (data not shown). patients with major comorbidities, thus confounding analysis of circumstances of death. To the best of our knowledge, this is the first study to evaluate data from deceased patients with MM in Europe.
| D ISCUSS I ON
The large size of this study, and the setting of care in oncology/haematology units, allowed us to examine both patient pathways and the association of patient and disease factors with death, in patients who died in 2016.
Despite the increasing availability of effective treatment options, relapse remains inevitable for most patients with MM, and an unmet medical need exists with regard to the unchanged prevalence of early deaths (approximately 10%). 7, 9, 13 Owing to the study design, it is not possible to provide mortality per treatment line because the study population is not representative of the distribution of patients across treatment lines in the overall MM population. Nevertheless, our data suggest that death during active 1L treatment remains a key issue; 47% of deaths at 1L were during active treatment. This study adds to a chart review conducted in 2014 that reported high losses of patients along the treatment pathway; in the previous review, 39% of patients did not go on to receive 2L treatment, and 62% did not receive 3L treatment. 11, 12 Death during active treatment is not only an issue at 1L; a substantial proportion of patients at each line died while on active treatment (more than one-third of patients overall fections and 13% to renal disorders. 15 A study using the Connect ® MM Registry identified predictors of early death (defined as death within the first 6 months after diagnosis). 9 These predictors included age over 75 years, worse performance status, adverse cytogenetics, lower mobility score, higher ISS stage, lower platelet count and previous history of hypertension. 9 A study using the Danish National MM Registry found that patients with newly diagnosed MM had increased comorbidities compared with the general population, particularly in the year preceding diagnosis; those with any registered comorbidity had increased mortality compared with those without a comorbidity (HR: 1.6). 16 In a population-based cohort study, the impact of comorbidities on early mortality was analysed over a 31-year period. 17 Comorbidities were found to have an independent impact on early mortality: at different time points, renal failure, respiratory disease, liver disease and hepatitis C infection were each associated with early mortality. 17 Similarly, a large chart review across seven European countries found that comorbidities reduced continuation to the next treatment line. 12 These studies suggest that disease-related prognostic variables, such as ISS stage and cytogenetic risk, 18 are not the only determinants of death early in the disease course. This is consistent with our data, which showed that there were fewer deaths related to disease progression at earlier treatment lines than at later treatment lines.
Many patients in this study died while their disease was considered to be in remission, and yet deaths were often related to causes that may be associated with MM and its treatment. A possible explanation for this observation is that despite exhibiting a therapeutic response to each treatment line, patients were nonetheless subject to a cumulative disease burden, contributed to by multiple relapses, drug resistance and increasingly aggressive biology. Thus, in order to maximise the benefits of increasingly effective MM therapies, a better understanding is needed of how to optimise the management of MM for patients who are in remission. Reducing the risk of renal damage, and immune and bone marrow suppression, should be given due attention in the overall care of these patients. 19, 20 Additionally, sufficient guidance needs to be produced to support physicians in this aspect of treating patients with MM.
Our study also identified patients who died before 1L therapy.
These individuals were typically elderly and had advanced disease at diagnosis. Nearly all (97%) of these patients did not receive active anti-MM treatment but instead received supportive care only.
Further work is required to improve the prognosis of these patients; systems and drug access among the countries. It is, however, challenging to compare the characteristics of the study population with those from other European population-based studies owing to differences in the parameters reported. 16, 21 A relatively high proportion of patients scored III using the ISS at diagnosis compared with other studies, 16, 21 although high ISS stages are associated with poor survival and would be expected in a population of now deceased patients. 22 Furthermore, only one-quarter of patients had a history of skeletal-related events; this is lower than would be expected because bone disease occurs in 80% of patients with newly diagnosed MM. 23 This may be explained by the specific definition of skeletalrelated events (pathologic fracture, spinal cord compression, and radiation or surgery to bone); "bone disease" is likely interpreted by physicians as a more general term.
Potential limitations of the study include the possibility of data inconsistencies resulting from site-specific management differences, such as variation in clinical interpretation of disease progression and remission. Interpretation of the data must consider the recording of multiple "causes" of death (primary, secondary; eg renal failure associated with MM progression), and the generalisability of the exploratory Cox model regression analyses may be limited by the fact that they included data from fewer than half of study patients. Only deceased patients were evaluated; hence, the characteristics reported are specific to that population. Finally, it is important to note that the characteristics of patients at each treatment line were taken from separate populations.
In conclusion, this real-world study of patients confirms that deaths at early treatment lines remain a key challenge in MM management. It also highlights that death during early treatment lines is often not due to disease progression, and death commonly occurs during active treatment, indicating a need for improvements in supportive care. As patients reach later lines, death is more typically related to progression, owing to treatment resistance. 24 Understanding factors associated with death in MM could help to increase the proportion of patients who reach later lines and inform new management approaches for improving patient survival.
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